MOYNIHAN'S PRIORITY CLAIM
The editorial of the 1 June 1918 edition of The Lancet, entitled 'Transfusion of Blood in Military and Civil Practice', comments on the larger number of reports on blood transfusion published over the previous 2 years relating to 'the war' and specifically on L. Bruce Robertson's article titled ' A Contribution on Blood Transfusion in War Surgery', published in that edition (Editorial, 1918) . Although commenting that, prior to 1918, blood transfusion practice has been pioneered by George W. Crile in America and by Morel and colleagues in France, the editorial goes on to state that A.E. Stansfield and O.F.F. Leyton had both begun to study the subject in this country from the point of view of the physician, 'but we doubt whether any English surgeon could have been found to perform the operation of blood transfusion even so recently as four years ago. ' This last comment elicited a letter from Berkeley Moynihan (dated 3 June 1918), which was published in the next edition of The Lancet, titled 'The operation of blood transfusion', in which he makes the statement that 'In Leeds we have been doing this operation regularly for the last ten years' (Moynihan, 1918) . He elaborates on this statement by saying that he was first made aware of blood transfusion after reading the 1906 paper by Dr. George W. Crile (published in Transactions of the Southern Surgical and Gynaecological Association) and that he subsequently 'performed direct transfusion a few times with difficulty and lack of skill'. He states that, after spending some time with Dr. Crile in Cleveland in May 1908, he witnessed direct blood transfusion being performed on four patients and goes on First published online 6 February 2019to say that he used this technique utilising 'Dr. Crile's improved apparatus' on his return to Leeds. Moynihan also identifies that he has also used Elsberg's apparatus, Tuffier's tubes, 'the syringe method' and finally 'the citrate method' to transfuse blood but that he preferred to use a syringe (with or without citrate to prevent coagulation). He also states that he has performed direct blood transfusion to treat anaemia in 'many cases of carcinoma of the stomach or of the ascending colon', as well as 'patients with gastric or duodenal ulcers or with growths in the kidney. ' The letter therefore identifies that Berkeley Moynihan was not only performing direct blood transfusion using Crile's method from approximately 1908 in Leeds but that he was also conversant with other methods of performing direct and indirect transfusion as well*. If the information presented in this letter is true, then Berkeley Moynihan must be credited with being the first surgeon/physician in England to have been performing blood transfusion in the early part of the 20th century prior to the end of WW1.
*The 'Elsberg apparatus' and 'Tuffier's tubes' identified in Moynihan's letter refer to modifications of the direct transfusion technique that were proposed by Charles A. Elsberg (Elsberg, 1909) and Théodore Tuffier (Tuffier, 1912) .
LORD BERKELEY MOYNIHAN -BRIEF BIOGRAPHICAL INFORMATION
His biography identifies that Berkeley George Andrew Moynihan ( Fig. 1 ) was born in Malta on 2 October 1865, the son of Sergeant (later Captain) Andrew Moynihan, who took part in the siege of Sevastopol and was awarded the Victoria Cross for bravery. When his father died in 1867, Berkeley moved with his mother and two older sisters to Leeds, Yorkshire. He initially trained for 2 years at the Royal Naval College, Eltham, as he originally intended to follow his father into the army, but having changed his mind, he returned to Leeds to study medicine at Leeds Medical School (Bateman, 1940 Moynihan of Leeds in 1929, being only the second surgeon, after Lister, to be elevated to Peerage (Groves, 1940a) . He held the rank of Major-General in the British Army by the end of WW1, being the chairman of the Army Advisory Board from 1916 and chairman of the Council of Consultants from 1916 to 1919. As well as starting the 'Chirurgical Club' (later to be re-named 'The Moynihan Chirurgical Club'), he also went on to help create the Association of Surgeons and the British Journal of Surgery. Moynihan died from a stroke on 7 September 1936, 1 week after the death of his wife Isabella.
Moynihan was a brilliant general abdominal surgeon who specialised in duodenal, gastric, pancreatic surgery and surgery of the spleen, being described as 'indubitably the greatest surgical figure of the first half of the twentieth century' with a national reputation (Gordon-Taylor, 1940 ) and in 1910 as being 'without doubt the greatest surgeon of the upper abdomen in England' (Crile, 1947) . Moynihan made substantial surgical progress during his career, pioneering refinements of technique and devising and performing revised versions of established techniques, changing 'the methods and habits of the old surgery which had dominated the practice of the nineteenth century which still held sway in the early part of the twentieth' (Groves, 1940b) .
A similar type of comment could of course also be used to describe the relative lack of progress made at the end of the 19th and beginning of the 20th centuries with regard to the use of blood transfusion as a means of treating patients who were anaemic from blood loss (for summary information of this period, see Hutchin, 1968) . This situation was at least in part due to the difficult practicalities of performing a direct transfusion in an operating theatre at the same time as an operation -successfully performing artery-to-vein anastomosis, as well as the potential variability with regard to outcome, especially as the ABO groups were not widely known about until 1910 (Keynes, 1981) , and effective anticoagulation was not introduced until after WW1 (a short review of this work is included in Giangrande, 2000) .
Although Moynihan was not credited with being an inventor, he established new surgical techniques based on careful preparation of the patient, extreme gentleness and delicacy of touch in the performance of an operation, together with detailed after treatment, and as such, he is credited via these new principles as being an exponent of a new outlook and way of working; a surgeon who had unrivalled influence (Groves, 1940b) . This type of statement supports the concept of Moynihan not only being interested in performing blood transfusion as a means of treating his patients, either during or after an operation, but also as a person with the necessary surgical skills to do it. Moynihan is, in fact, identified as being one of three 'excellent technical surgeons' of that time (together with George W. Crile and Andrew Fullerton) who had mastered the dissection of the radial artery of the donor and cephalic vein of the recipient, thereby enabling a direct transfusion to be performed (Hedley-White & Milamed, 2010) . Although Lord Moynihan was described by Sir Geoffrey Keynes as taking great pleasure in telling people about his achievements and that he was 'not handicapped by possessing any trace of modesty', he also qualifies the statement by saying that this 'could not be called 'bragging' because he was telling the truth' (Keynes, 1965) . These comments about his personality are in keeping with Moynihan's contradiction of the editorial comment published in the Lancet on 1 June 1918.
PERSONAL RECORDS/OTHER PUBLICATIONS BY MOYNIHAN
Although Berkeley Moynihan is credited with making well over a hundred contributions to the medical literature during the period from 1898 to 1918, none of these publications directly comment on his experiences of performing or using blood transfusions in his clinical practice.
In his book Duodenal Ulcer, published in 1910, Berkeley Moynihan does not mention the use of blood transfusion to treat haemorrhage in patients (Moynihan, 1910) . However, in the second edition of this book, published in 1912 (pages 91-95), he states that direct blood transfusion should be used as a treatment for 'melaena neonatorum' (haemorrhagic disease of the newborn). He qualifies this statement by saying that, as a result of 'the superb investigations and accomplishments of Dr. George W. Crile we are able, in all cases of acute haemorrhage, to adopt a method of treatment which is almost specific: the direct transfusion of blood', recommending that this should be performed 'at the earliest possible moment'. Although the book also lists short notes regarding the symptoms, operation and recovery of 305 patients that he had operated on after 1909, there is no information given regarding the use of transfusion in any of these cases.
Moynihan did publish two papers after 1918 in which he advocates the use of blood transfusion in the treatment of anaemia following haemorrhage/blood loss. The first paper mentions the use of blood transfusion in the surgical treatment of gastric ulcers specifically related to the preparation of the patient prior to surgery, when he states that the administration of glucose in large quantities or the direct transfusion of blood should be used to counteract the effects of weakness, wasting and desiccation of the patient (Moynihan & Walton, 1922) . The second paper mentions the use of direct transfusion of blood as a means of treating post-operative haemorrhage in 'deeply jaundiced patients' (Moynihan, 1923 ). Moynihan does not, however, identify in either of these papers that he has actually used transfusion himself.
The archives section of the Royal College of Surgeons of England contains 45 volumes of Moynihan's case books as well as a large number of volumes relating to private operations performed by him in London. These case book notes were used by Moynihan primarily to identify and compare the symptoms presented by his patients related to their actual condition (Keynes, 1965) . The entries made for 1906, 1911 and 1917 were examined and found to contain only a précis of each case that includes notes of the patient's symptoms and observations from initial examinations, rather than the surgical procedures carried out on each patient or the treatment that presumably followed (Personal communication, 2018) .
The West Yorkshire Leeds Archives Service contains a series of eight books that are the collected surgical cases that Moynihan dealt with between 1896 and 1916 inclusive, although the case books for the years 1911-1915 are missing (due to them having been lost prior to the transfer of the records to the archive collection), and the case numbers listed for the years 1908, 1910 and 1916 indicate that they are incomplete. The individual case records have been examined, and only one reference to a blood transfusion can be found, which was performed on a 66-year-old farmer following a partial gastrectomy (Fig.2) . The treatment section of the patient's notes includes the statement '1 pint of blood by citrate method (pint vessel)', transfused on 8 April 1916, although the patient died the following day (document reference WYL 2295[C737] 255 -case register number 268). There is no record entry prior to this date of a patient receiving a direct or indirect blood transfusion. This event post-dates Moynihan's meeting with George Crile in Paris in 1914 and his visit to hundreds of WW1 hospitals and dressing stations as part of his role as Chairman of the British Army Medical Advisory Board (Keynes, 1965) . Although Moynihan's original transfusion apparatus was later identified to have been 'preserved among his collection of instruments in the museum of the medical school at Leeds' (Gordon-Taylor, 1940) , the Leeds General Infirmary, University of Leeds and the medical/science museums of Leeds and London do not hold any surgical equipment used by Moynihan to perform direct (or indirect) transfusions.
Therefore, Moynihan's claim cannot now be fully supported by information contained in his existing patient case records or by the identification of any item of personal surgical equipment that was used by him to perform a (direct or indirect) blood transfusion. In the absence of any additional material published by himself on his use of blood transfusion, supporting evidence was sought from comments made by his colleagues.
INFORMATION FROM COLLEAGUES OF BERKELEY MOYNIHAN

George W. Crile
In his letter to The Lancet, Moynihan quotes a paper published by Crile in 1906. George W. Crile's paper described his method of direct blood transfusion that eliminated many dangers associated with the technique up to that time (Crile, 1907) . Following extensive experiments on dogs, Crile performed his first direct (artery-to-vein) transfusion in 1905, performing a total of 61 transfusions on 55 patients between 1905 and 1909. In December 1906, Crile developed a cannula that could be used to unite the inner surfaces of the donor's artery and recipient's vein, thereby avoiding the difficulties of blood clotting during transfusion. Although this innovation reduced the time necessary to perform the surgical technique, the procedure remained technically challenging, requiring the help of a trained surgical assistant (Crile, 1909) .
Moynihan first met George W. Crile when he visited America in 1903, and Crile recounts (page 170) that he was 'especially impressed with three things [about Moynihan]: the gentle handling of tissue, the left-hand square knot, and the researches in transfusion' (Crile, 1947) . This meeting was the start of a life-long friendship, with Moynihan subsequently visiting the United States and meeting Crile on a number of occasions prior to WW1 and Crile visiting Moynihan in England in 1910 and again in 1913, when he stated (page 240) that Moynihan 'had picked up quite a few American tricks', although it is not identified what these 'tricks' were or if they relate to Moynihan performing blood transfusions (Crile, 1947) .
Sir Geoffrey Keynes
Keynes first met Moynihan in a casualty clearing station in Flanders during WW1 but did not meet him again until 1925 when, as part of the St Bartholomew's hospital surgical unit, he visited other clinical units including Leeds General Infirmary (Keynes, 1981) . The following year, although still working in Leeds, Moynihan opened a clinic in London and visited the professorial unit at St Bartholomew's Hospital and chose Geoffrey Keynes as his private assistant together with Paterson Ross (John Hosford was added to the team at a later date -see below).
Geoffrey Keynes had learnt the new techniques of indirect transfusion using anticoagulated blood from Canadians and Americans during WW1 and, in fact, modified the technique (by adding a drip-feed to the delivery tube) and became convinced that, as an adjunct to surgery, blood transfusion saved lives. Keynes tried to spread knowledge of transfusion after WW1 with colleagues and wrote a number of papers on the subject, as well as publishing the first book on blood transfusion in the UK (Keynes, 1922) .
Keynes later recalled a conversation with Moynihan who, at the time, was 'enumerating the various procedures for which he claimed priority' and goes on to state: ' Among these was blood transfusion, saying that he had been the first to perform it successfully in this country. Thinking that I myself knew a good deal about the history of transfusion, I expressed polite surprise, but later found that he had indeed performed transfusions from 1906 onwards. He had first tried direct transfusion by Crile's technique with little success, but after having instruction from Crile himself had obtained some satisfaction from this method. He also used several other ways of doing it, but preferred the syringe technique to all others. Knowledge of blood groups was not widespread until 1910, but doubtless Moynihan did not lag behind in this respect' (Keynes, 1965) . This statement, therefore, reiterates Berkeley Moynihan's priority claim in his letter of being the first person in England in 1906 to have performed a (direct) blood transfusion.
However, his use of blood transfusion does not appear to have continued after WW1 as John Hosford, who was Moynihan's surgical assistant in London from 1931, recalled in a conversation with Reginald Murley that, although he was responsible for routine treatments, he did not recall any of their patients being given a blood transfusion -even though Geoffrey Keynes was Moynihan's other surgical assistant (Murley & Hosford, 1988) .
CONCLUSION
Although there is no reason to doubt Berkeley Moynihan's priority claim of being the first surgeon to perform a direct blood transfusion in England (in 1906) , there is no independent evidence to confirm the claim other than the fact that he told Geoffrey Keynes the same information some years later. Note: Other authors have recounted this same information at later dates (see Gordon-Taylor, 1940 ). Moynihan's uniquely talented surgical skill and his inquisitive innovative style both identify that he was more than capable of having performed direct (and indirect) transfusion, although this cannot be confirmed by his own notes, publications or remaining equipment. In addition, there is no published evidence to support the fact that he performed direct or indirect blood transfusion on patients after the WW1.
Therefore, the only tangible existing evidence to support Moynihan's claim 100 years later is the record of a single case of blood transfusion performed in Leeds in 1916. It is frustrating that Moynihan did not publish more that a single letter to The Lancet about his use of blood transfusion immediately prior to WW1, although on balance, the comments subsequently made by his eminent colleague Geoffrey Keynes may be taken by many to be enough to support Moynihan's claim.
MOYNIHAN AS A TRANSFUSION RECIPIENT
In December 1927, when 62 years old, Moynihan realised that he was suffering from a bleeding duodenal ulcer (that, surprisingly, he initially wrongly diagnosed as cancer of the stomach), which proved to be an acute and not a chronic ulcer, leading to the decision that surgical treatment was unwarranted. Moynihan entered Ruthven Castle Nursing Home in North Wales where he was found to be suffering from a severe degree of anaemia requiring treatment by a blood transfusion (Keynes, 1981) . Keynes travelled from London 'together with a medical student of the correct blood group' and performed the transfusion, which he described as 'a simple operation but an ordeal for the operator in view of the relation in which he stood to his patient.' Immediately after the transfusion, Moynihan reportedly stated that his mind was already clearer, and his general condition improved. He made a good recovery and, although always careful with his diet, had no recurrence of the lesion (Keynes, 1965) . Although the account recorded by Keynes does not identify what transfusion technique was used, Reginald Murley states that the transfusion was given 'using the conical Keynes flask' [spelt 'flash' in the actual text] (Murley & Hosford, 1988) . Keynes described an indirect transfusion technique using a conical flask in his book Blood Transfusion (see pages 126-134) published in 1922 (Keynes, 1922) , although he also designed a blood transfusion kit comprising a glass bottle, tubing and needles required for giving a blood transfusion (Boulton & Roberts, 2014) .
